ABSTRACT
INTRODUCTION

39
Hyaluronic acid (HA) is a high molecular mass glycosaminoglycan composed by repeating units of including, among others, plastic surgery, treatment of arthritis, major burns and intra-ocular surgery 45 [3,4]. As a consequence of these wide applications, in recent years HA production from microbial 46 fermentation is receiving increased attention for avoiding the risk of cross-species viral infection, to 47 have lower production cost and to favour a more efficient purification [5, 6] .
49
On the other hand, lactic acid (LA) and its derivatives are largely used in pharmaceutical, food, 50 textile and polymers industry. These utilities have led to a continuous and increasing demand in the plates (SBA) and incubated overnight at 37ºC. Pure mucoid colonies were then added into the initial 78 inoculum in a flask with 30 mL of M17G medium [24] . After 3.5 hours of growth at 37ºC and 100 79 rpm of orbital shaker, the whole of this initial inoculum was transferred into the secondary inoculum 80 in a flask with 70 mL of VIG medium. After 4 hours of growth in the same conditions, this 81 secondary inoculum was gathered into the tertiary inoculum in a flask with 250 mL of VIG and was 82 incubated 4 hours at 37ºC and 100 rpm. Finally, the tertiary inoculum was added to the batch and 83 fed-batch cultures at 10% (v/v).
85
The compositions of the media are summarized in Table 1 . Each marine peptone was used at a level 86 that replaced the Lowry protein concentration present in the tryptone used for the complex medium.
87
The preparation and composition of the peptones solutions from shark and thornback ray was 88 described in a previous work [25] . Moreover, in order to reduce the hyaluronidase activity releases 89 by S. zooepidemicus we have included 15 mg/L of polystyrene (M w =990 kDa, Sigma) in the culture 90 media. In all cases, the initial pH was adjusted to 6.7 and the media were sterilised at 121ºC for 15 91 min. Cultures were carried out in duplicate using a glass 2L-bioreactor with a working volume of 92 1.8 L. All fermentations were performed without aeration at 37ºC, with agitation of 500 rpm and the 93 pH was automatically controlled with sterile 5 M NaOH. In the fed-batch cultures, the reducing 
Analytical methods
98
At pre-established times, each sample from the bioreactor were first incubated with a 10% volume of 99 5% (w/v) SDS for 10 min with the purpose to separate the cells and to liberate the capsular HA
100
[26,27]. The biomass was removed by centrifugation at 5,000 g for 30 min and the sediment 101 washed and resuspended in distilled water to the adequate dilution for measuring the optical density 102 supernatant was divided into two aliquots. The first aliquot was used for the measure of reducing 104 sugars, glucose, LA and proteins. In the second aliquot, HA was precipitated by mixing with three 105 volumes of ethanol and centrifuged at 5,000 g for 10 min. The sediment was resuspended with 1 106 volume of NaCl (1.5M) and 3 volumes of ethanol and precipitated by centrifugation at 5,000 g for 107 10 min. Finally, this last sediment was redissolved in distilled water for HA analysis. 
These productions in the fed-batch cultures were fitted to the biphasic logistic [33]: of the mathematical models proposed are shown in Table 3 . According to these results, after 3.4 and 
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